Analysis of the connections between hydromorphological conditions and biocenotic diversity on the example of the Zwoleńka River. The paper presents the evaluation of ecological status of two hydromorphologically diverse stream reaches of the Zwoleńka River. The studied sections of 500 m length are localized in a natural river-bed (Siekierka) and river-bed transformed due to a regulation (Zwoleń). The hydromorphological assessment of the stream has been performed by means of River Habitat Survey method (RHS). Level of habitat transformation has been determined with a help of numerical indices of the method: HMS and HQA; their naturalness has been also evaluated. Biotic conditions have been evaluated on a base of macrophyte river assessment and benthos macroinvertebrates. Macroinvertebrates have been determined to the level of family and following water quality indices have been also calculated: BMWP-Pl, ASPT, and EPT%. Value of BMWP-Pl has revealed that waters within the natural section of the stream could be qualifi ed to the II grade of quality, while those in transformed section -to III grade. Moreover, it has been found that EPT% indicator has been much higher in non-transformed section. Evaluation of examined stream sections on a basis of Macrophyte Index for Rivers (MIR) has revealed that the numerical value of the indicator has been almost unaffected by the river-bed transformation degree. In both cases, examined fragments of the stream have been qualifi ed as the II grade. In addition, physicochemical determinations of water have been carried out. However, no substantial differences of water quality, that could infl uence on biocenotic diversity of those habitats, between analyzed stream sections, have been recorded. Content of organic particles in sediments as well as granulation characteristics have been determined as well.
INTRODUCTION
Up to 2003, water quality assessment in Poland had been made namely in reference to its usefulness for farm utilization. However, along with increasing anthropogenic pressure and decreasing water quality, the scope of indicators and evaluation criteria for water quality have been enhanced. In order to reduce the intensifying surface waters degradation within all European Union, the attempt to water resources evaluation has been altered, which was formulated in Water Framework Directive, according to which the ecological status should be assessed on a base of biological elements, while physicochemical and hydromorphological parameters have 10.2478/v10060-011-0053-1 to play only a supportive roles (Andynkiewicz-Piragas et al. 2006) .
British River Habitat Survey method (RHS) has been used in present study to evaluate the habitat character and the fl ow morphological quality; it makes possible to quantitatively express the morphological features in a form of synthetic HMS and HQA indicators (Szoszkiewicz 2009) . Biotic elements subject to assessment are macrophytes and macroinvertebrates. Macrophyte Method for River Assessment (MMOR) is based on a quantitative and qualitative evaluation of aqueous plant species composition and allows for calculating the synthetic index of Macrophyte Index for Rivers (MIR) (Szoszkiewicz et al. 2010 ).
The present research aimed at determining the ecological status of small river within natural and transformed sections using various valorization methods for elements of biotic environment and hydromorphological features of the river-bed and river valley.
CHARACTERIZATION OF STUDIED AREA
The Zwoleńka River is the right tributary of Vistula river and its estuary is localized near Lucimia village. Total area of the stream catchment is 230.1 km 2 , while its length amounts to 34.1 km (Atlas podziału… 1984; 2005) . Forests occupy 19%, permanent green lands about 7%, and arable lands 72 % of its catchment area (Jadczyszyn et al. 2011) . Soil covering the catchment is built of loams and sands on marls and cretaceous sandstones; very acidic (pH < 4.5) and acidic soils (pH 4.6-5.5) prevail. The catchment area is characterized by weak sandy soils with low level of organic matter and low usefulness for plant production.
The Zwoleńka River is not uniform in reference to its bed transformation. Both fragments similar to natural ones and regulated to different degrees can be found. The stream is typical small lowland river that can serve as an object for studies upon evaluating the infl uence of anthropogenic transformations of riverbed on diversity of biocenotic composition of macrophyte vegetation and macrobenthos. A detailed recognition of a current ecological status of the river is important determinant for planning the restoration works.
The river reach near Siekierka Stara village was selected as the section, the features of which are similar to natural ones. Selected transformed (regulated) section is localized directly out of Zwoleń city limits. Localization of these study points is presented in Figure 1 .
Analysis of land use within 50 meter bands from the stream's banks, was performed for the study section of 500 m length. Figure 2 presents the land use maps for natural (Siekierka) and regulated test stand (Zwoleń).
Majority of analyzed area in test stand Siekierka (69.4%) is occupied by green lands, whereas forests cover remarkable area (46.0%) in section Zwoleń. Waters (13.3%), mainly in a form of natural reservoirs near the stream, are present within natural fragment. Arable lands are quite numerous (about 20%) in regulated stand. Presence of forest cover in a form of clusters scattered along the stream is also very common. The percentage of particular performance forms of lands adjacent to studied stream is presented in Figure 3 . (RHS) . Studied section of 500 m length was subject to synthetic assessment as well as detailed examination in 10 uniformly distributed control profi les. That examination made possible to collect about 400 parameters. The detailed analysis took into account following elements: physical attributes of embankments and river-bed, performance and structure of vegetation, as well as groups of aquatic plants. Furthermore, synthetic analysis included elements that were not considered during the previous stage of study. In addition, the description was completed with the valley performance characteristics as well as river--bed morphological parameters. The RHS method also gives the opportunity to evaluate hydromorphological parameters in a form of following indices: HMS -degree of habitat transformation, and HQA -indicating the habitat naturalness (Szoszkiewicz et al. 2011 ). The HQA value may fall within 0 to 136, while that of HMS within the range of 0 to 100. High HMS values indicate a strong transformation of a given section, while low -negligible degree of river transformation. The higher HQA value, the greater diversity of natural morphological elements within analyzed river section.
Value of HQA index amounted to 82 and HMS to 3 for Siekierka section, whereas for Zwoleń section, those indices were as follows: HQA = 55 and HMS = 11 (Tab.1). Greater diversity of natural morphological elements of the embankment and river-bed such as presence of eroding and stable cutbanks, meander and sandbanks, were observed in Siekierka section. Only eroding cutbanks were present at Zwoleń stand and their number was much lower than at natural one. Hydraulic parameters such as fl ow--rate or fl ow depth affect the type of material accumulated at the bottom of a river, thus indirectly infl uencing on covering the bottom with plants as well as species composition of macroinvertebrates. General hydromorphological parameters were determined at 10 cross--sections localized within 500 meter long river reach. Mean depths and widths of river-bed were similar at both stands. The river-bed width to mean depth ratio varied in both sections, which indicates considerable differentiation of these parameters. Maximum to mean depth ratios were also different for each section. The fl ow-rates were very low, yet the value was about 10 times higher at Siekierka rather than Zwoleń stand. Laminar fl ow dominated although presence of rapid fl ow was also recorded within Siekierka section. The fl ow at majority of Zwoleń section was impossible to record. All above discussed parameters are presented in Table 2 .
PHYSICOCHEMICAL ANALYSIS
Physicochemical analysis of water quality was carried out for every test stand selected. According to Decree of Ministry of the Environment from 20.08.2008 on a ways for status classifi cation of uniform parts of surface waters (DzU No 162, pos. 1008), all evaluable parameters, excluding dissolved oxygen, were within limiting range corresponded to the I grade of water quality at both studied stands. Low levels of dissolved oxygen can result from the low fl ow-rate and shallow water depth at control points, which favors faster water warming, thus oxygen release. Table 3 presents results of chromatographic analysis for particular stands.
Eutrophication and anthropogenic contamination have the signifi cant effects on 
STUDIES UPON MACROINVERTEBRATES
Invertebrate fauna signifi cantly determines the stability of river ecosystems. A great diversity of microhabitats is present in rivers, even within short (about 100 m) river section. Biodiversity of macroinvertebrates is affected by many elements, among which there are type of a subsoil, fl ow-rate, and physicochemical conditions (Bylak and Kukuła 2007). Polish version of Biological Monitoring Working Partly (BMWP-Pl) was calculated for selected stands. It is based on determining the macroinvertebrate taxa -up to the family level -in a river and assigning the corresponded point score that is used for calculating the index value. The ASPT indicator -Average Score Per Talon (that is average indicator of water quality) is calculated as well. Value of ASPT is calculated by dividing the BMWP value by the number of taxa found in a given sample. Numbers of taxa from mayfl y (Ephemeroptera), stonefl y (Plecoptera), and caddisfl y (Trichoptera) orders are of a fundamental importance for indicating the status of environment. Therefore, the ETP% index is calculated for these taxa (Grabowski et al. 2006) .
Samples for determinations were collected from 100 meter long stream sections localized within earlier selected 500 meter stands. Differences of the indices values between the stream and the embankments were negligible or there were no differences at all. In Siekierka stand, value of BMWP-Pl was 77, which was higher than in Zwoleń stand (56). The ASPT index value was similar in both stands and amounted to about 5. Instead, remarkable difference was prominent in the case of EPT% index, that was about 7 times higher in Siekierka than Zwoleń stand (Tab. 4).
Assessment of water quality on a base of benthos macroinvertebrates revealed that the section Zwoleń was qualifi ed to III grad, while section Siekierka to II grade.
Lower morphological diversity of a river leads to the decrease in biodiversity. Mayfl ies (Ephemeroptera) show Massive occurrence of Gastropoda order individuals was observed at both stands, which can be attributed to low water fl ow-rate and sandy subsoils in both sections. The Trichoptera order larvae were met only within natural section Siekierka, while Emphemeroptera and Plecoptera individuals were found within both sections, yet their populations were much higher in natural stand.
STUDIES UPON MACROPHYTES
The macrophyte vegetation compositions greatly depends on hydraulic conditions within a river-bed; among which there are: fl ow-rate, fl ow depth, or presence of various river-bed structures. Macrophyte Method for River Assessment (MMOR) is based on both qualitative and quantitative evaluation of species composition of plants rooted in waters. Applying the MMOR allows for determining the advancing of the fl owing waters degradation process, namely in reference to their trophy. Knowledge upon the degree of a given macrophyte sensitivity towards contamination makes possible to determine the average contamination level in fi eld during the whole vegetation season on a base of only a single examination. Macrophyte Index for Rivers (MIR) is the numerical indicator of MMOR and when compared to referential values, it allows for evaluating the ecological status according to assumptions of the Water Framework Directive. MIR takes into account 153 macrophyte taxa, to which corresponded values of indicator number (L) and weight coefficient (W) are assigned. In addition, it is necessary to establish the coverage coeffi cient (P) for particular species. Qualifi cation of studied sections to particular class of ecological status is performed using Coeffi cient of Ecological Quality (WJE), that takes into account the type of a river, the lowest observed value of MIR, as well as MIR value under referential conditions (Szoszkiewicz et al. 2010) .
Presence of 22 macrophyte species were recorded both in Siekierka and Zwoleń stands, including 12 ones occurred within both sections. Most of those species prefer mesotrophic habitats, which is proved by L number oscillating between 1 (value characteristic for eutrophic species) and 10 (feature of oligotrophic species). The weight coeffi cient W indicates the scope of the species' ecological tolerance. All present species showed poor or moderate tolerance towards contamination; only a single stenotopic species was reported (Ceratophyllum submersum) (Tab. 5).
Calculated value of the macrophyte indicator allows for concluding that the ecological status of stream Zwoleńka at both sections can be counted as good (II grade). The MIR value in both studied stands were very close (Tab. 6), which indicates that the river-bed transformation had no substantial infl uence on the species composition of macrophyte vegetation.
BOTTOM SEDIMENTS ANALYSIS
Characterization of bottom sediments was carried out using laser analyzer Mastersizer (Malvern Instruments Ltd.) , that makes possible to determine the particle dimensions ranging from 0.05 to 550 μm. The device works due to laser diffraction phenomenon, i.e. uses the light scattering. Particles of given dimensions, when lighted with laser, scatter the light beam and fall onto the detector measuring the light divergence angle. The measure of that angle is inversely proportional t the particle size (Banasik and Hejduk 2005) .
Characteristic diameters d10, d50, and d90 were much smaller for sediments collected from Zwoleń rather than Siekierka section (Tab. 7). The feature is associated with the fl ow conditions within regulated section, where very low fl ow-rates are present, which favors the accumulation of fi ne rubble fractions. Sand is a dominating component at the bottom of both studied sections. Content of organic parts in study section Siekierka was 3.28%, while in Zwoleń section -1.61%.
CONCLUSIONS
Results from performed research allow for drawing following conclusions:
• Evaluation of the transformation and naturalness degree of studied sections of the Zwoleńka River carried out by means of RHS method revealed that the natural fragment in Siekierka stand, where no anthropogenic modifi cations were made (HMS = 2), was characterized by greater diversity of habitat features (HQA = 82) than regulated section in stand Zwoleń (HMS = 11, HQA = 55). Thus, it was confi rmed that RHS method gave a proper and precise tool for evaluating the environment value taking into account mainly hydromorphological features of the fl ow.
• Physicochemical analysis of water results did not reveal any signifi cant quality differences of studied river sections, which would affect their diversity in a biocenotic view. In both sections, waters can be qualifi ed to II grade of quality.
• Macrophyte vegetation did not reveal any substantial sensitivity towards habitat transformations. Value of MIR were similar in both studied sections, which resulted from similar species composition of macrophyte vegetation. Presence of particular macrophyte species depends greatly on hydraulic conditions found in a river-bed, as well as shading by tall plants grown within the embankment zone. Abiotic conditions were similar in both studied stands, and MIR value indicated quite good ecological status of the stream (II grade).
• Results from studies upon invertebrate fauna present in bottom sediments revealed that examined stream sections prominently differed referring to the ecological status. Larger number of macroinvertebrate families as well as occurrence of taxa more sensitive towards contamination in natural rather than regulated section. Taking into account the BMWP-Pl value, ecological status of natural river reach (Siekierka) was qualifi ed as good (II grade), while the regulated one (Zwoleń) as moderate (III grade).
• Achieved results of the stream ecological status evaluation proved that BMWP-Pl seems to be more sensitive indicator of a river-bed transformation than MIR. Moreover, it was found that RHS method is properly sensitive towards habitat transformation, which allows for a right assessment of the environmental quality on a base of HMS and HQA.
• Considering the evaluation of all studied environmental elements (biological, physicochemical, and hydromorphological), the ecological status of Siekierka section can be qualifi ed as good, whereas that of Zwoleń section as moderate. abiotycznymi a elementami biotycznymi małej rzeki nizinnej i mogą stanowić bazę wyjściową do dalszych badań.
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